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CEL  I: n 215 - 230 
CEL II: n 1300 - 1400
n
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î×¼âÎÍ ÔÏ·+×¼Ìõö×
õ¼ïw4Î×
α
ÛZ
î×&âŁÍøãG6rFaâŁÍ Ìo6ï·+×cÌõ×&õ¼ï
β

sÌÎÍÒÑUãIïåÌÍäÏªÏ
þÌIãªõ×r6
×CH3


13 wN¬"QOSR (CDCl3)
ÑÔÏÎÍÐãªã ¤ôïÖŁ×äÌÎ÷[
ø!
OCH3
× ÑÔIÏŁÍäâIã ¤ôï
ÖŁ÷[
ø!
OCH3
×ﬂÑÔIÏŁÍÑWã þôïëâG
ø!
OCH3
×1ÑtÖªÓŁÍ\6ÕÔ
þôïëâŁ÷:
!
OCH3
×cÑtÖÓŁÍäÖªÌþôïåÌ(
ø!
OCH3
×&ÑtÖªÓŁÍÐâªâ
þôï ã÷:
!
OCH3
× ÑtÏªÏŁÍÒÑÔ ¤ôïÑ5
í× Ó74ÎÍ:4Iâ ¤ôïÑª÷[
î×
Ô74ÎÍäÌÓ þôïëâG
î×ÔªÌÎÍÐÖŁÑ ¤ôïëãG
î×xÔªÌÍ ÌIÖ ¤ôï47
í×xÔÎÑªÍÐÓã
þôïÌ7
î×jÖªÓŁÍÐÓÕÔéþôïåÌ÷:
í×aÖªÓŁÍÐâªÏ þôïëâŁ÷[
î×aÖ(6ŁÍäÖÏ ¤ôï
α

î×pÖ76ÎÍÐãG6ßþôïw4Î÷[
î×pÖ76ÎÍäÏã þôï ã÷[
î×pÖªÌÎÍ:4IÓ þôïëÖG
î×
ÖŁÑªÍøãÕÓ ¤ôïÖŁ÷[
î×4ÏŁÍøãÕÖ ¤ôï
β

î×ﬀÌIÏŁÍ\6ŁÑª×ZÌÏÎÍ ÔIã þôï
ÖG

OCO

H3
×oÌÏŁÍ[4(6Ł×ÁÌÏŁÍÐÖªÏ
C(6)OCO

H3
×ÌÏŁÍ[4ªÌ
ÌÏŁÍøãÕÓ
Oyx{zE|~}Nß ÔIãªãŁÍäânÐ¸Iú¹ + ×²ÔªÌ(6ŁÍÐânÐ¸IºÁFo + ×
ÔÎÑÔÍ ÌRÐ¸IúÁï
N2
Iõ¸ + ×
ÔÏŁÑÍäânÐ¸IºÁFï
N2
Iõ# + ×
ÖÕÔ74ÍÑkÐ¸IúÁï
N2
ï ñÜ\IqÌõ# + ×
ÖG4ÓÎÍÑkÐ¸IºÁFï
[N2
ïëñÜ\IqÌõ¸ +
Fp
ÑtâãŁÍ[6B´¤ô
&âã7â
æYKDM
l¸e
æ
d
O?æYJYçð{MYKDå|IçyO
ÑWã©Ì
)+*-,/.+02u43m57698;[]?*Xb;*9A
α
*Un@*XoE?Ip]jk3@qY[]fr:4<;3msU[]?5;F-*
β
*Un@*XoE?Ip;j73@q7[]fr:=<>3sŁ02u5AD)4F
O N3
OO
HO
HO
OH
OHO
HO
HO
OH
123
4
5
61'
3'
4' 5'
6'
α
β2'
ÏŁÍ ÌjH
®
µoºsFGq¸+@Ł¥âŁÍäÔÏVh
®
D 
q»F¹FI@W °
®
FV
®
D

°E
®

®
µÌÍäÏ76aH
®
µLp
_
þÌÍäÓ74h
®
D 
,¯\FÕàB
®ª
 h@C°E½F
®
DA¥ãªÏsrý2
¡FI°ÉÏo´¤ôÁÍ¾Ü@¹$°

B@»FÉ°E¯BBE@W
µ
®
B4öFI°B
®®
 °E@Whá@WB´F°

B@ÍA±
®
D¯D
®
»¼Hq°´@sáB
®
C@W

B@FS@WWB¯Ë@Wrµ
®
BSáB
®
Îï

î°p=3jF»¼°E@qWBåà°FID¯D¯@o

Ë°FIW@ö»F
®
ËŁ°FI¯@C,Í
G
 ﬂ'IH ÑªÍÒÑtÓuH{¥Ó76kxk

*JKLJ ãÑªÑÍäâªÖH©üI
®
D
[α]D (inEtOH)
6ÕÌG´
1
í
N "QOSR
(D2O)
4ÎÍøãÑu·,×½Ñtõö×
J1′,2′
âŁÍäÔoõ

×©õ¼ïÑ÷:
í×ªãÍ:4IâL¥,×Ñtõ×
J1,2
ÔÎÍÐÓrõ

×,õÜïÑ5
í×ãÍäÏªÔ¹FjâŁÍ[6Ö¥7×cÌõö×&õ¼ï
α

í×&âŁÍäÓ74
F>âŁÍäÔ(6·¥7×ÌIõ×AõÜïÖIñ\×ÐÛ
î×ÇâŁÍ\6ÕÔaF>âŁÍäÔªÔh¥7×
Ìõ×ÉõÜïÖÎ÷Ðñ×äÛ
í×ÉâŁÍäÔÓ¬°U×Ñtõö×Éõ¼ïâ7
î×ÇâÎÍ Ôâ¥7×Ñtõö×
õ¼ïw4Î÷:
í×²âŁÍÐÖªÓ¬°U×!Ñtõö×õÜïâŁ÷[
ÜâÎÍäÖG4n·°U×!Ñtõö×²õ¼ïëãG
î×½âŁÍäÖÏ
¥7×&Ñtõ×õÜï47
í×âŁÍ[4ÓR¥,×cÑtõö×õ¼ïåÌ÷:
í×âŁÍ[4ªÔR·+×Ìõö×
õ¼ï
β

î×½âÎÍÐã©Ìn¬°U×,Ñtõö×²õ¼ï´ÑtÏG
í×½âŁÍÐâã¬°U×,Ñtõ×½õ¼ïÌ7

13 wN¬"QOSR (D2O)
ÑtÏG4ÍäÏIãàþôïÑ
î×AÑtÏªÌÎÍÐãG4þôï´Ñª÷:
í×¦ÔÓŁÍÐÖG4þôï ã
î×¦ÔÓÎÍäÏâ
þôïëâG
î×oÔªÔÎÍøãG6f¤ôï47
í×Ô(4ÎÍ[6ªÌ þôïÌ7
î×oÔ74ÎÍäÔÎÑ ¤ôïâŁ÷[
î×
Ô74ÎÍ[4ªÔ ¤ôï4Î÷[
î×ÜÔIãÍ[4â þôïÌÎ÷[
î×¼ÔªÌÍ ÌÑþôïëãŁ÷:
í×¼ÔÎÑªÍÐâG4
þôï
α

î×½ÖªâŁÍÐÖªÏ?þôïëÖG
î×½ÖâŁÍÐâÕÔnþôïëÖŁ÷:
í×=4âŁÍøãÕÏ?¤ôï
β


&âã7â
æYKDM
l¸e
æ
d
O?æYJYçð{MYKDå|IçyO
ÑWãÕâ
Oyx{zE|~}Nß ã4ÏÎÍäÏnÐ¸Iú¹ + ×ãÕâãÍÐÏnÐ¸IºÁFo + ×
âÕÔªÔÍäÓnÐ¸IúÁï
C4H9O
+  + ×
âªÖŁÑÍäÓnÐ¸IºÁFï
C4H9O
+  +
Fp
ÑªÑtÖÎÍ ÌG´¤ô
)+*-,0<>3m5Y698>[]?*Xb;*9A
α
*n@*XoE?Ip]jk3@qY[]fr:4<;3msU[;0?5;FX*
β
*Un@*XoE?Ip]jk3@q7[]fr:=<>3sŁ02u5AD`4F
O NH2
OO
HO
HO
OH
OHO
HO
HO
OH
123
4
5
61'2'3'
4' 5'
6'
α
β
êëh°´@áŁBE@W@WC@
®
µ
Ú
²üªô¶åÑtÏ}xL
ÇFI^ÌÎÑUâqhH
®
µ
.
pï¤ÏÎÍ:4Ìh
®
D 
z¯rÌIÏq¹D
FŁ©àB
®
@C°E½F
®
Dþ×cÕàB
®
H@Wa»FIË

ËËD¯@Cj°´B
®
Hªj°E@
®
D

°E
®
+µ
®
B\Ñ4rh¯c×
áD¯FW@C

@CB¼©àB
®
Hª@W+FI°´
®
á@CBE@qF7å°´BEBE@C
­
¯H
®
B
®ª
Dà^F°¼B
®®
 °´@Chá@WB´Fï
°

BE@µ
®
BÉÌIÏ,Í ±
®
D¯D
®
»¼H¼°E@SáB
®
W@W

BE@F¦Ł@WECBEË@W\µ
®
BzáŁB
®


î°qpA@F¼àª@WDD
®
»¼¯E

®
D¯»F
®
ËŁ°F@C,Í
G
 ﬂ'IH ÏŁÍÒÑtÖÕÌH,6ŁÑxL

*JKLJ â76G4ÍäâªÖH©üI
®
D
[α]D (D2O)
ÔÎÑØ´
1
í
N "QOSR
(D2O)
4ÎÍøãÑu·,×½Ñtõö×
J1′,2′
âŁÍäÔoõ

×©õ¼ïÑ÷:
í×ªãÍ:4IâL¥,×Ñtõ×
J1,2
ÔÎÍÐÓ¹õ

×õ¼ï´Ñ5
î×²âŁÍÐÓG4kFiâÎÍ ÔÓ·,×&Ìõö×õÜïÖG
í×²âŁÍ[6ªÔ
FZâŁÍ Ôo6¥7×ÇÌIõ×¦õ¼ïëÖŁ÷øñ\×ÐÛ
î×¦âÎÍ[6ªÏŁ·°U×Ñtõö×¦õ¼ïëâG
î×
âŁÍÐÖªÓ ¥7×sÑtõ×Aõ¼ïëâŁ÷[
î×âŁÍÐÖG4··°U×sÑtõ×Aõ¼ï ã
uâŁÍÐÖÕÌ··°W×
Ñtõ×õÜï4(
î×âŁÍ[4Ó{·+×!Ñtõö×&õÜïåÌ÷:
í×âŁÍÐãªâ{·°W×zÑUõ×
J3′,4′
õ

×õÜïëã÷[
î×âÎÍäâG4·°W×Ñtõö×
J2,3
õ

×Sõ¼ïÌ7
î×AâŁÍ Ôo6
F+âÎÍäÓ76?·+×½Ìõ×½õ¼ï
α

î×²ÌÎÍÐÓªâ?¥7×²ÌIõ×½õ¼ï
β
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13 wN¬"QOSR (D2O)
ÑtÏG4ÍäÏIãàþôïÑ
î×AÑtÏªÌÎÍÐãG4þôï´Ñª÷:
í×¦ÔÓŁÍÐÖG4þôï ã
î×¦Ô(6ÎÍäÓ(6
þôïëâG
î×oÔªÔÎÍøã©Ì ¤ôï47
í×Ô(4ÎÍ[6ªÔ þôïÌ7
î×oÔ74ÎÍäÔÏf¤ôïâŁ÷[
î×
Ô74ÎÍ[4ªÔþôïw4Î÷[
î×ÁÔIãŁÍ:4Ñ·¤ôïåÌÎ÷[
î×sÔâŁÍäÔÓEþôï
α

î×ÁÔªÌÍ ÌÏ
þôï ã÷:
í×½ÖªâŁÍ[4ªÔn¤ôïÖG
í×½ÖªâŁÍÐâªÖ?þôïëÖŁ÷[
î×ã©ÌÎÍ\6ÕÔn¤ôï
β


Oyx{zE|~}Nß â76ªÖnÐ¸Iõ# + ×ãÕÏ76nÐ¸IõjIºsFo + ×
ã©ÌIã?Ð¸IõjIú¹ +
Fp
ÑtÏÕÔÍ ÔG´¤ô
)+*UTV)+*9AW)+*-,/.+02u43m57698;[]?aF-*-57698>[m?\P*X57698;[]?^*-b;*AW)E_I`E_2bd_ae>*l65769fr:+*gi*-:;jk5Y6l[]?*
α
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β
*n@*-o@?Ip]jk3@qY[]fr:=<>3sŁ0cu5vAD7b!F
O
AcO
AcO
O
AcO
OAc
O
AcO
AcO
OAc
1
23
4 56
1'2'3'
4' 5'
6'
O O O N3
α δ ε
β γ ζ
ñ 
®
D

°E
®

®
µSÏŁÍÐÖãH
®
µS
®
h¹@CBECGFD
β
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í
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®
E@
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*JKLJ ÔÓªâÎÍ ÔªÌ\H©üI
®
D
[α]D (EtOH)
ãªâF´
1
í
N "QOSR
(CDCl3)
Ù 4ÎÍøãÕÏ¥c×ÎÑtõ×
J1′,2′
ãŁÍäÏõ

×ªõÜïÑª÷[
î×(4ÍäâªÖ¬°U×Ñtõ×
J3′,4′
ÓŁÍÐÓoõ

×Õõ¼ïëâŁ÷[
î×G4Í Ì74z·°W×ŁÑtõ×
J3,4
ÓŁÍ:4sõ

×Õõ¼ïëâG
î×74ÎÍäÏ74
·°W×Ñtõ×
J4′,5′
ÓŁÍÐÓõ

×õÜïëã÷[
î×ãÍ\6ªÖ·,×Ñtõ×
J2′,3′
ÓŁÍÐÓ
õ

×cõ¼ïåÌ÷:
í×ãÍ\6ÕÌ{·,×¦ÑUõ×
J2,3
ÓŁÍ[4¹õ

×cõ¼ïÌ7
î×²ãÍäÖâ
¥,×½Ñtõ×
J1,2
6ŁÍÒÑõ

×õÜïÑ5
í×ÕãÍÐã76k¥,×²ÑUõ×
J5,6B
ÌÎÍÐÖ
õ

×
J6A,6B
ÑÌÎÍÒÑöõ

×²õÜïÖªÛZ
î×ãÍäÌ74n¥Ł,×!Ñtõö×
J5′,6′A
âŁÍäÔxõ

×
J6′A,6′B
ÑÌÍÐã7õ

×¦õ¼ïëÖŁ÷øñy
î×,ãÍäÌªÌ¥Ł,×Ñtõö×
J5,6A
ãÍøãõ

×©õÜïÖñ¹
î×IãŁÍäÏG4z¥,×ÑUõ×
J5′,6′B
ÑªÍ\6oõ

×
õ¼ïëÖŁ÷äÛZ
oâŁÍÐÓªÓ	¬°U×ÇÑtõ×
J4,5
ÓŁÍäÖxõ

×zõ¼ï ã
î×!âŁÍÐÓÕÔ¥7×
Ñtõ×©õ¼ïw4Î÷:
í×âŁÍäÓÎÑÁFŁ^âŁÍäÔIã¥7×ÎÌõö×õ¼ï
α

í×ÎâÎÍäÖÓ¥7×
Ñtõ×¦õÜï47
í× âŁÍÐÖªÓ·+× Ìõö×ÉõÜï
β

î× âŁÍÐÖÕÔŁ·+× Ìõ×¦õÜï
ε

î×âŁÍÐÖã?·W×ãªõ×õ¼ï
γ, δ

î×âÎÍäâªÓR·°U×½Ìõö×
Jε,ζ
4ÎÍÒÑqõ

×
õ¼ï
ζ

î×²ÌÎÍäÌïåÌÍäÏnþÌÎÑUõ×²Ô
×CH3
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Ù ÑÔÏÎÍ:4ªÌ ¤ôïÖŁ÷[
ø!
OCH3
× ÑÔIÏŁÍÐãªÓ ¤ôï
ÌÎ÷[
ø!
OCH3
×ﬂÑÔIÏŁÍÐãªâ þôïëÖG
ø!
OCH3
×1ÑÔÏŁÍÒÑtÓ
þôïëâG
ø!
OCH3
×&ÑtÖªÓŁÍÐÓŁÑN¤ôïâŁ÷[
ø!
OCH3
×&ÑtÖªÓŁÍÐÖªâ
þôïÌ7
ø!
OCH3
×&ÑtÖªÓŁÍÐâªÓ}¤ôïëã÷[
ø!
OCH3
×&ÑtÏªÏŁÍÐâã
þôï´Ñ5
î×ZÓG4ÎÍÐÓÕÔ þôï´Ñª÷[
î×Ô74ÍÐã4 ¤ôïâG
í×ÔªÌÍ[6ãð¤ôï
ã
î×+ÔÌÎÍ ÌIÏP¤ôïåÌ7
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